INTRODUCTION {#sec1-1}
============

One of the most frequently diagnosed pathologies of odontogenic origin is the periapical lesion.\[[@ref1]\] This occurs due to the entry of microorganisms within the pulp canal system which release pro-inflammatory mediators into the periapical tissues due to which there is resorption of bone surrounding the root and periapical pathosis develops.\[[@ref2]\]

One of the biggest queries in endodontics today is whether a periapical pathology is a cyst or granuloma. It is understood that periapical granulomas and periapical pocket cysts heal nonsurgically whereas a periapical true cyst requires surgery.\[[@ref3]\]

However, the problem lies in the fact that presently there is no preoperative nonsurgical diagnostic method which can accurately assess the nature of the periapical pathology. Postoperative histopathological examination is the only confirmatory test of the nature of the lesion.\[[@ref4][@ref5]\]

Preoperative periapical radiographs are only 26%--48% accurate in diagnosing the periapical lesion.\[[@ref6][@ref7]\] It has been proved in several studies\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] that cone beam computed tomography (CBCT) can reveal periapical pathologies much better than periapical radiographs.

Currently, CBCT has been utilized in the place of periapical radiographs as a nonsurgical method for differentiating periapical cyst and granuloma.\[[@ref4][@ref15][@ref16]\] However, limited studies\[[@ref15][@ref16][@ref17]\] are there which validate the usefulness of CBCT in the differential diagnosis of periapical pathologies. The reliability and accuracy level of differential diagnosis of periapical cysts from granulomas was seen to be different in these studies. The CBCT finding was taken as potential preoperative diagnosis which was compared with the actual nature of the lesion through histopathological report of the biopsy sample. All CBCT-diagnosed cysts did not prove to be cysts histopathologically. Similarly, all CBCT-diagnosed granulomas were not granulomas and some were proved to be cysts. This is because all CBCT diagnostic features may not be present in all cysts and granulomas. However, its ability to diagnose a cyst preoperatively is convincing and has potential clinical significance that has been pointed by Guo *et al*.\[[@ref17]\] in their study. Here lies the importance of assessing its reliability and accuracy as a preoperative diagnostic tool.

Keeping this in view, the present study was designed to evaluate the ability of CBCT in the differential diagnosis of periapical cysts and granulomas. Here, the CBCT images of the lesions were analyzed with the help of the fixed radiological features for provisional diagnoses which were then compared with histopathology reports. Presence of optimum number of CBCT features was determined to diagnose a lesion as a cyst. Subsequently, reliability and accuracy of CBCT were evaluated.

METHODS {#sec1-2}
=======

Forty-five patients with periapical lesions diagnosed by clinical symptoms and radiographic findings in periapical radiographs were selected for the study. The minimum criterion was 5-mm diameter of the lesion. The study protocol was approved by the Institutional Ethics Committee. Consent form was signed by all the patients according to Helsinki Declaration.

Periapical radiolucency was imaged by MyRay CBCT scanner at the Probe Diagnostic Centre, Dr. R. Ahmed Dental College and Hospital. Fixed field of view volume was 7 cm × 7 cm × 7 cm. The gray levels were 4096 (12 bit). The scanner was operated at 90 kV and 10 mA. The Digital Imaging and Communications in Medicine format images were exported from MyRay CBCT scanner and imported into iRYS viewer software (MyRay CBCT, Kolkata, West Bengal, India). The minimum average diameter of 5 mm was checked through sagittal view of CBCT scan.

The set of diagnostic criteria for periapical cysts based on radiological features\[[@ref18]\] was as follows:

Location - Apex of the toothPeriphery -- Corticated borderShape -- Curved or circularInternal structure -- RadiolucentEffect on surrounding structures -- Displacement and resorption of the rootsCortical plate perforation -- Present.

For each lesion, CBCT images were evaluated prior to histopathological examination and assigned a score on the basis of the number of the above radiologic features seen. For example, if the CBCT score of the lesion was 3, it meant that only three of the above six criteria were found to be present in the corresponding CBCT scan. The procedure of analysis of the CBCT scan was done by two separate evaluators having no interaction between them.

Since all the six criteria were not possessed by every CBCT-assessed lesion (e.g., cortical bone may not be perforated by a cyst), the minimum number of criteria in CBCT scan was required to be ascertained for diagnosing a cyst. For this purpose, six receiver operating characteristic (ROC) curve analyses were conducted. ROC curves provide measure of accuracy of any diagnostic test.\[[@ref19]\] This was done by comparing CBCT findings with the corresponding histopathological report of the periapical lesion.

Hence, after CBCT analysis, endodontic therapy was performed. Subsequent to proper investigations, periapical surgery was done using standard clinical protocols under the view of the dental operating microscope. The specimen obtained was submitted to the Department of Oral and Maxillofacial Pathology, Dr. R. Ahmed Dental College and Hospital, for histopathological examination. The histopathological report was sent by the department only when the faculty oral pathologists were unanimous about the report. They were kept in dark about the CBCT analysis of the lesion.

Results of histologic analysis were tabulated against the corresponding score of the particular lesion for all 45 cases \[[Table 1](#T1){ref-type="table"}\]. Six scoring systems were used in which the 1^st^ scoring system corresponded to a CBCT score (≥1), 2^nd^ scoring system (≥2), and so on until the 6^th^ scoring system (=6). Each lesion was evaluated by every scoring system, and the number of true-positive (TP), true-negative (TN), false-positive (FP), and false-negative (FN) cases were evaluated \[[Table 2](#T2){ref-type="table"}\]. Four CBCT scans showing different clinical situations are shown in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}.
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CBCT score and corresponding histopathological report
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Evaluation of 45 lesions by six scoring systems
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![A: Cyst in cone beam computed tomography and histology: Patient no. 8. (a) Sagittal view (b) coronal view (c) axial view (d) three-dimensional view. B: Cyst in cone beam computed tomography and granuloma in histology: Patient no. 12. (a) Sagittal view (b) coronal view (c) axial view (d) three-dimensional view](JCD-20-326-g003){#F1}

![A: Granuloma in cone beam computed tomography and histology: Patient no. 27. (a) Sagittal view (b) coronal view (c) axial view (d) three-dimensional view. B: Granuloma in cone beam computed tomography and cyst in histology: Patient no. 13. (a) Sagittal view (b) coronal view (c) axial view (d) three-dimensional view](JCD-20-326-g004){#F2}

The CBCT images were again evaluated 2^nd^ time after 6 months by the two evaluators separately. Results of histopathological reports were kept in dark to them.

For intrarater reliability, two evaluations of each evaluator were tested through Cohen\'s Kappa (κ) which assesses the extent an evaluator agrees in two evaluations (κ ≥ 0.75 -- excellent; 0.60 ≤ κ\< 0.75 -- good; 0.40 ≤ κ \< 0.60 -- intermediate; and κ \< 0.40 -- poor).

For interrater reliability, the evaluations of the two evaluators were tested through Cronbach\'s alpha (α) test which assesses the agreement among multiple evaluators (excellent -- α ≥ 0.80; Good -- 0.60 \< α\< 0.79; Intermediate -- 0.40\< α ≤ 0.60; Poor -- α ≤ 0.40).

ROC curve is constructed from TP rate (TP/\[TP + FN\] ×100) and FP rate (FP/\[TN + FP\] ×100) of this diagnostic test. The TP rate and FP rate are plotted, and area under curve (AUC) which is used for analysis of ROC curve is calculated for all the six scoring systems \[[Figure 3](#F3){ref-type="fig"} and [Table 2](#T2){ref-type="table"}\] (AUC: good if AUC \>0.8, moderate -- 0.6≤ AUC ≤0.8, and poor if AUC \<0.6). The findings of both the evaluators were assessed through the optimum scoring system, and the accuracy level of the evaluators was analyzed.

![Receiver operating characteristic curves plotted for the 6 scoring systems (evaluator 1). The plotting of data for for 1st, 2nd, 3rd scoring systems reveals that the ROC curves coincides on chance diagonals and bears no significance](JCD-20-326-g005){#F3}

RESULTS {#sec1-3}
=======

On histological examination of 45 lesions, 19 cysts and 26 granulomas were found.

Intrarater reliability for both evaluators was seen to be excellent as value of κ for evaluator 1 was 0.75 and evaluator 2 was 0.77.

Interrater reliability was also excellent as the value of α was 0.94.

A minimum number of three criteria (i.e., CBCT score of 3) was common in every lesion under study. Therefore, ROC curve analyses for the 4^th^ (≥4 criteria), 5^th^ (≥5 criteria), 6^th^ (=6 criteria) scoring systems were important to ascertain the best scoring system among these three which is most suitable for diagnosis. It was found that AUC for the 4^th^ scoring system had the highest value \[[Table 2](#T2){ref-type="table"}\].

Both the evaluators in this study showed moderate accuracy (AUC = 0.66 and 0.62, respectively) which showed that CBCT diagnosis is moderately accurate for differential diagnosis of periapical cysts and granulomas.

DISCUSSION {#sec1-4}
==========

Though the incidence of true cysts is low compared to other periapical lesions, it needs to be diagnosed accurately because its treatment modality is surgery only and not conventional endodontic treatment.

In the present study, periapical pathology of 5 mm or more in diameter was included with the established conception of higher incidence of cysts as the size increases to 5 mm or more.\[[@ref7][@ref20][@ref21]\]

The CBCT images provide more accurate diagnosis than periapical radiographs. Gray values were also used to diagnose periapical lesions.\[[@ref22]\] In CBCT, gray values shows the difference in absorption of radiation by different matter.\[[@ref23]\] They are not utilized here because of some inherent drawbacks. Field of view, spatial resolution selection (capability of an imaging system to distinguish between fine details of the object being studied at different levels), hard beaming (due to the absorption of low energy photons by the target tissue, the beam which exits, has only high-energy photons. This adversely affects gray values as dark bands occur on the resultant image formed) and scattered rays influence gray values.\[[@ref24]\]

For diagnosis of a cyst, six CBCT features taken in the study are already established\[[@ref18]\] but all features may or may not be present in a cystic lesion. Therefore in the present study, an optimum number of CBCT features were assessed to accurately differentiate cysts from granulomas. The ROC curve analyses clearly indicated that four or more positive findings were the best choice for a lesion to be diagnosed as a cyst. The plotting of data for 1^st^, 2^nd^, 3^rd^ scoring systems reveals that the ROC curves coincide with chance diagonal and bears no significance.

As the interrater reliability was excellent, the ROC and AUC of one evaluator (evaluator 1) were shown here.

A similar study was done by Guo *et al*.\[[@ref17]\] and they concluded that CBCT is a moderately accurate tool for diagnosis of cysts and granulomas. The same conclusion has been drawn in the present study.

However, conclusion of study by Rosenberg *et al*.\[[@ref15]\] is different where it is shown that CBCT is not a reliable diagnostic tool. Possible reasons behind this conclusion are consideration of wide range of possibilities in the diagnosis of apical pathologies such as granuloma, granuloma like, cyst, cyst like, and others. Broad histological criteria of diagnosis were taken into consideration in their study. A definite conclusion could be drawn in the present study because differential diagnosis of only two lesions (cyst or granuloma) was taken into consideration and has clinical implications also.

In the same study by Rosenberg *et al*.,\[[@ref15]\] the diagnosis of each lesion based on CBCT was made without a clear scoring system. The radiological criteria for each diagnosis were extensive and ambiguous. This led to a lot of inconsistencies and uncertainties. Hence, in the present study, an attempt was made to eliminate uncertainty by reducing the number of criteria to six and using a quantitative scoring system.

Evaluators examined the lesion based on the six predefined criteria and reported a diagnosis of cyst if four or more positive findings were present. It was assumed that this quantitative scoring system reduced uncertainty and increased the intra- and interrater reliability and accuracy compared with prior studies.

One of the limitations in this study was the small sample size. Further studies on a larger number of cases will be required to confirm the findings of the present study. The fact that at least three radiologic features were true for every lesion under study also led to a high incidence of cysts as determined by examiners through CBCT imaging. During the process of enucleation of the lesion, removal of the lesion in toto, along with the resected root tip/s, could not be done in all cases and led to submission of a sample which did not reflect the true characteristics of the pathology.

CONCLUSION {#sec1-5}
==========

It can be stated that CBCT images are moderately accurate in diagnosing cysts from granulomas. However, further research needs to be undertaken to explore the potential of this novel diagnostic aid.
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